A novel strain, designated strain CU3-7 T , was isolated from faeces of a two-week-old baby. The isolate was Gram-staining-positive, anaerobic and rod-shaped. Results from 16S rRNA gene sequence analysis revealed that strain CU3-7 T was phylogenetically affiliated with members of the genus Bifidobacterium. Strain CU3-7 T showed the highest level of sequence similarity with Bifidobacterium adolescentis KCTC 3216 T (98.4 %), followed by Bifidobacterium ruminantium KCTC 3425 T (97.9 %). Analysis of hsp60 sequences showed that strain CU3-7 T was closely related to B. adolescentis KCTC 3216 T (94.0 %) and B. ruminantium KCTC 3425 T (92.5 %). The DNA-DNA hybridization values with the closely related strains were all below the cut-off value for species delineation, 17.0 % with B. ruminantium KCTC 3425 T and 14.9 % with B. adolescentis KCTC 3216 T . Fructose-6-phosphate phosphoketolase activity was detected. The predominant cellular fatty acids were C 16 : 0 (27.7 %), C 18 : 1 v9c (27.4 %) and C 18 : 1 v9c dimethylacetate (15.5 %). The DNA G+C content was 58.6 mol%. On the basis of polyphasic taxonomy, strain CU3-7 T should be classified as the type strain of a novel species within the genus Bifidobacterium, for which the name Bifidobacterium faecale sp. nov. is proposed (5KACC 17904 T 5JCM 19861 T ).
The genus Bifidobacterium was first proposed by Tissier (1900) as Bacillus bifidus and recognized by Orla-Jensen (1924) as a separate taxon. Bifidobacteria are Gram-stainingpositive, anaerobic, non-spore-forming, non-motile, lactateand acetate-producing and high-G+C-content bacteria belonging to the family Bifidobacteriaceae in the class Actinobacteria (Biavati & Mattarelli, 2006; Ventura et al., 2007) . The genus is known to be prevalent in the gastrointestinal tracts of human and animals (Pokusaeva et al., 2011) and members have been isolated from humans (Hoyles et al., 2002; Lauer, 1990; Morita et al., 2011) , animals (Endo et al., 2012; Simpson et al., 2004) , milk products (Meile et al., 1997; Watanabe et al., 2009) , bumblebees (Killer et al., 2011) , an anaerobic digester (Dong et al., 2000) and sewage (Scardovi & Trovatelli, 1974) . Bifidobacteria are one of the major representatives of animal and human probiotics and considered to be the main target organisms for inclusion in food integrators, dairy products and pharmaceutical products (Biavati & Mattarelli, 2006) . Strain CU3-7 T was isolated from faeces of a two-week-old baby by enrichment culture using TOS-MUP media: transgalactosylated oligiosaccharide (TOS)-propionate agar base (Yakult Pharmaceutical Industry) supplemented with lithium mupirocin solution (MUP, Merck; 50 mg l 21 ) (ISO, 2010; Thitaram et al., 2005) . The isolate was subcultured on TOSpropionate agar for pure culture (Makino et al., 2013; Ongol et al., 2007) and was routinely cultured on MRS broth (BBL) at 37 u C under anaerobic conditions and maintained as a glycerol suspension (30 %, w/v) at 280 u C. An anaerobic atmosphere was prepared by using the GasPak EZ Anaerobe Pouch System (BD). In this study, we describe the morphological, biochemical and phylogenetic characteristics of CU3-7 T , employing the most closely related type strains Bifidobacterium sp. Eg1 (formerly Bifidobacterium stercoris KCTC 5756 T ), B. adolescentis KCTC 3216 T and B. ruminantium KCTC 3425 T as reference strains in parallel tests. Bifidobacterium sp. Eg1 was also included as a reference strain, although it has been recently reclassified as a later (Killer et al., 2013) .
Genomic DNA of strain CU3-7 T was extracted using the DNeasy Blood & Tissue kit (Qiagen). The 16S rRNA gene was amplified by using the HotStarTaq Plus Master Mix kit (Qiagen) and the primers pBact27F (59-AGAGTTTGAT-CMTGGCTCAG-39) and pUniv 1492R (59-GGYTACCT-TGTTACGACTT-39) (Lane, 1991) . The partial hsp60 and dnaJ1 genes were also amplified using the method described by Okamoto et al. (2008) and Ventura et al. (2006) . Purification of PCR product was performed using a PCR purification kit (Qiagen). Sequencing of each gene was performed using the BigDye Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems) and an automated DNA analyser system (PRISM 3730XL DNA analyser, Applied Biosystems) at Solgent Corporation. (Daejeon, South Korea). Sequencing of 16S rRNA gene was performed using six primers 27F (59-AGAGTTTGATCMTGGCTCAG-39), 518F (59-CCAGCAGCCGCGGTAATACG-39), 907F (59-AAACTCAAAKGAATTGACGG-39), 518R (59-GTATT-ACCGCGGCTGCTGG-39), 1100R (59-GGGTTGCGCTC-GTTG-39) and 1492R (59-TACGGYTACCTTGTTACGAC-TT-39). The 16S rRNA gene sequence of strain CU3-7 T was compared with those of recognized type strains using the EzTaxon server (http://eztaxon-e.ezbiocloud.net/) (Kim et al., 2012) . The partial hsp60 and dnaJ1 sequences for each type strain of bifidobacterial species were obtained from the GenBank nucleotide databases. The sequence similarities for hsp60 and dnaJ1 were calculated using the BioEdit program (Hall, 1999) . The 16S rRNA and hsp60 gene sequences of strain CU3-7 T were aligned with those of closely related species using the multiple sequence alignment program CLUSTAL_X v.1.83 (Thompson et al., 1997) and phylogenetic trees were reconstructed using the MEGA 5 program (Tamura et al., 2011) . Evolutionary distances were calculated by the neighbour-joining (Saitou & Nei, 1987) and maximum-likelihood (Felsenstein, 1981) methods. Evolutionary distance matrices were generated according to the model of Jukes & Cantor (1969) . Tree topology was evaluated by the bootstrap method based on 1000 resamplings. DNA-DNA relatedness studies were also carried out between strain CU3-7 T and the most closely related species Bifidobacterium sp. Eg1, B. adolescentis KCTC 3216 T and B. ruminantium KCTC 3425 T (.97 %). DNA-DNA hybridization was performed fluorimetrically (Ezaki et al., 1989 ) using a DIG-High Prime DNA Labelling and Detection Starter kit according to the manufacturer's instructions (Roche).
An almost complete 16S rRNA gene sequence (1450 bp) was obtained from strain CU3-7 T . Strain CU3-7 T was related to members of the genus Bifidobacterium and showed the highest 16S rRNA gene sequence similarity with B. adolescentis KCTC 3216 T (98.4 %), followed by Bifidobacterium sp. Eg1 (98.3 %) and B. ruminantium KCTC 3425 T (97.9 %). In the phylogenetic analyses, CU3-7 T represented a distinct phyletic line corresponding to a novel species of the genus Bifidobacterium (Fig. 1) . The sequences of hsp60 and dnaJ1 genes of strain CU3-7 T were approximately 616 bp and 470 bp long, respectively. The hsp60 sequence of strain CU3-7 T showed the highest sequence similarity with B. adolescentis KCTC 3216 T (94.0 %), followed by Bifidobacterium sp. Eg1 (93.7 %) and B. ruminantium KCTC 3425 T (92.5 %). These values indicated relatedness at the interspecies level (80-96 %) (Zhu et al., 2003) . The dnaJ1 sequence of strain CU3-7 T showed 98.8 %, 97.9 % and 87.0 % sequence similarities with those of Bifidobacterium sp. Eg1, B. adolescentis KCTC 3216 T and B. ruminantium KCTC 3425 T , respectively. In the phylogenetic tree based on hsp60 sequences, strain CU3-7 T was placed in the same clade as B. ruminantium KCTC 3425 T (Fig. 2) Wayne et al. (1987) , clearly indicating that strain CU3-7 T represents a novel species of the genus Bifidobacterium.
For the determination of phenotypic characteristic, cells were cultivated in MRS broth or agar at 37 u C for 48 h.
Gram staining was carried out using a Gram-staining kit (Sigma-Aldrich). Spore staining was performed using a spore staining kit (Sigma-Aldrich) according to the manufacturer's instructions. Motility was examined using semisolid MRS media containing 0.4 % agar. Phase-contrast microscopy (Nikon) was used to observe the staining results and morphology of cells. Growth at different temperatures (25, 30, 37, 42 and 45 u C) and pH values (3.0-7.0 at intervals of 1.0 pH unit) was tested in MRS broth for 7 days. Catalase and oxidase activities were determined in 3 % (v/v) hydrogen peroxide solution and 1 % (w/v) p-tetramethylphenylenediamine reagent (bioMérieux), respectively. Fructose-6-phosphate phosphoketolase (F6PPK) activity of strain CU3-7 T was determined using a phosphoketolase assay (Biavati & Mattarelli, 1991; Orban & Patterson, 2000) .
To investigate enzyme activities and acid production from various carbohydrates, API 50CHL, API 20A and API ZYM tests were performed in triplicate using the method recommended by the manufacturer (bioMérieux). The end products of glucose fermentation were analysed by using the XTerra RP18 column (4.6 mm6250 mm, Waters) and Varian ProStar HPLC (Varian). For acid production tests, cells were cultured MRS broth at 37 u C for 4 days. Cells of CU3-7 T were found to be Gram-staining-positive, nonspore-forming, non-motile, catalase-negative, obligately anaerobic, Y-shaped and short and irregularly shaped rods. F6PPK activity was present. The optimal temperature for growth of strain CU3-7 T was 37 u C. The fermentation products were acetic acid and lactic acid at a molar ratio of 1.57 : 1, which closely corresponded to the common molar ratio of 3 : 2 for acid production by species of the genus Bifidobacterium. Table 1 shows the differential characteristics of strain CU3-7 T and related species.
To determine fatty acid profiles, cells were cultivated on MRS agar at 37 u C for 2 days. Fatty acid methyl ester analysis was carried out by GLC according to the Killer et al. (2013) . DData taken from Biavati & Mattarelli (1991) . 5 %) , which were also consistent with the patterns for the type strains of closely related species (Table 2) . A slightly lower amount of C 18 : 1 v9c and higher amount of C 20 : 0 differentiated strain CU3-7 T from the reference strains. The G+C content of the genomic DNA of strain CU3-7 T was 58.6 mol%.
As shown by phylogenetic analyses, strain CU3-7 T formed an independent phyletic line among recognized species of the genus Bifidobacterium. The DNA-DNA relatedness values between strain CU3-7 T and closely related species were below 70 %. Data from the polyphasic taxonomic study also differentiated strain CU3-7 T from the related members of the genus Bifidobacterium. Therefore, we propose that strain CU3-7 T should be classified as the type strain of a novel species in the genus Bifidobacterium.
Description of Bifidobacterium faecale sp. nov.
Bifidobacterium faecale (L. n. faex faecis dregs, faeces; L. neut. suff. -ale suffix denoting pertaining to; N.L. neut. adj. faecale pertaining to faeces, faecal).
Colonies on TOS-propionate agar plates are white, sleek and slightly convex. Cells are Gram-staining-positive, nonmotile, Y-shaped short rods, 2.4-3.8 mm long and 1.2-1.3 mm wide. Growth occurs only under anaerobic conditions. Cells grow at 30-42 uC (optimum 37 uC) and in the pH range 5.0-7.0 (optimum pH 7.0). F6PPK-positive and catalase-and oxidase-negative. Aesculin is hydrolysed but gelatin is not. Esterase (C4), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-galactosidase, b-galactosidase, a-glucosidase and b-glucosidase activities are positive, but alkaline phosphatase, esterase lipase (C8), lipase (C14), cysteine arylamidase valine arylamidase, trypsin, a-chymotrypsin, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase activities are negative. Acid is produced from Larabinose, D-galactose, D-glucose, D-fructose, D-mannitol, a-methyl D-glucopyranoside, amygdalin, arbutin, aesculin, salicin, cellobiose, maltose, lactose, melibiose, sucrose, trehalose, inulin, raffinose, starch, glycogen, xylitol, gentiobiose, turanose and gluconate. Acid is not produced from glycerol, erythritol, D-arabinose, D-xylose, L-xylose, D-adonitol, methyl b-D-xylopyranoside, D-mannose, Lsorbose, L-rhamnose, dulcitol, inositol, D-sorbitol, amethyl D-mannopyranoside, N-acetylglucosamine, melezitose, D-lyxose, D-tagatose, D-fucose, L-fucose, D-arabitol, L-arabitol, 2-keto D-gluconate or 5-keto D-gluconate. The predominant fatty acids are C 16 : 0 , C 18 : 1 v9c and C 18 : 1 v9c dimethylacetate.
The type strain is CU3-7 T (5KACC 17904 T 5JCM 19861 T ), isolated from healthy human faeces. The DNA G+C content of the type strain is 58.6 mol%.
